. We assessed the effects of ischemic preconditioning on heart recovery and metabolic indices of damage following global ischemia and reperfusion, in relationship to post-ischemic lactate release. Three groups of Langendorff rat hearts were studied: (1) A control group of 40 min global ischemia and 45 min reperfusion; (2) preconditioning by 5 min global ischemia and 15 min reperfusion prior to sustained ischemia and reperfusion; (3) Preconditioning by three episodes of brief ischemia-reperfusion prior to sustained ischemia. Repetitive episodes of brief ischemia-reperfusion were associated with increased reactive hyperemia, decreased release of purines and prostaglandin 6-keto F 1 , lower tissue glycogen but no change in lactate washout. After 40 min ischemia, release of lactate was 173±17, 196±6 and 149±9 mol/g in groups 1, 2 and 3, respectively (P<0.01, group 2 v group 3). Preconditioning had no effect on ischemic arrest but had divergent effects on the development and the magnitude of ischemic contracture: delay and attenuation in group 2 but enhanced onset in group 3. Preconditioning provided a dose-dependent protection from the increase in left ventricular end-diastolic pressure, reduced the reperfusion release of purine metabolites and of creatine kinase, but neither improved systolic function nor prevented arrhythmia. 6-Keto F 1 production was 87±13, 132±19 and 241±35 pmol/g in groups 1, 2, 3, respectively (P<0.01 group 1 v group 3). We conclude that when subjected to prolonged global ischemia, preconditioned isolated rat hearts develop less post-ischemic contracture, lose less purine nucleosides and creatine kinase activity. In addition, preconditioning leads to increased production of prostacyclin. Differences among preconditioning protocols in lactate production seem to be related to the ischemic contracture development, but may not play an ultimate role in attenuation of myocardial damage or improvement of postischemic recovery.
Introduction
clude: attenuation of structural damage (Murry et al., 1986 (Murry et al., , 1990 , reduction of infarct size (Schott Preconditioning the myocardium by brief periods of ischemia-reperfusion confers a substantial proet al., 1990; Liu and Downey, 1992) , prevention of arrhythmia during either ischemia or reperfusion tection during a subsequent, prolonged ischemic period. In different experimental models of regional (Shiki and Hearse, 1987; Vegh et al., 1990; Hagar et al., 1991) and improved functional recovery using a Grass S9 stimulator. The whole system was heated by water jacketing and the heart tem- (Flack et al., 1991) . Apparently, preconditioning constitutes a process of adaptation to low-energy perature was strictly maintained in the range 36.5-37.5°C with the aid of a Ellab Teflon therstates, and is indeed present in various models such as globally ischemic (Cave and Hearse, 1992;  mistor probe, placed in the right atrial cavity. Measurements of coronary flow were obtained Volovsek et al., 1992; Asimakis et al., 1992; Janier et al., 1994) , hypoxic (Lasley et al., 1993a) or volumetrically and with a Skalar extracorporeal electromagnetic flow-meter posiioned above the rapidly paced hearts (Vegh et al., 1991) . Murry et al. (1990) proposed a causal relationship aortic cannula. Coronary flow, heart temperature, electrogram, coronary perfusion pressure and left between reduced tissue lactate accumulation and the benefits of preconditioning. Yet, there is conventricular pressure with its derivative (dP/dt) were continuously recorded on a Graphtec Linearcorder siderable controversy concerning the role of anaerobic glycolysis in perpetuation versus F WR 3701. attenuation of ischemic damage (Owen et al., 1990) in globally ischemic hearts. The purpose of our Protocol study was to assess the effects of ischemic preconditioning on heart recovery and biochemical Experiments were carried out in three groups (n= indices of damage following no-flow global ischemia 6-7): (1) An ischemic control group-50 min of and reperfusion, in relation to lactate production baseline perfusion, 40 min no-flow global ischemia during the ischemic state.
and 45 min of reperfusion; (2) A one-cycle ischemic preconditioning group-30 min baseline perfusion, 5 min ischemia with 15 min reperfusion followed by 40 min ischemia and 45 min reperfusion; (3)
Materials and Methods
A repetitive, three cycle, ischemic preconditioning group-20 min baseline perfusion, three rounds of Preparation 5 min ischemia followed by 10, 10 and 15 min reperfusion respectively, and then 40 min sustained Male Wistar fed rats received 500 U heparin i.p. and ischemia with 45 min reperfusion. were anesthetized with i.p. pentobarbital sodium
The hearts were paced at the same rate during the 6 mg/100 g body weight. The hearts were rapidly whole experiment. The time intervals from onset of excised and cooled in ice-cold saline until conischemia to cessation of effective mechanical contraction stopped. Then, hearts were mounted on tracture (developed pressure <0.5 mmHg) and failLangendorff apparatus and perfused with oxyure of the conductive system were recorded. genated (95% O 2 , 5% CO 2 ), bicarbonate-buffered Functional assessment and measurement of myo-(pH 7.4), modified Tyrode solution (composition in cardial oxygen consumption were done at baseline, m: NaCl 128, KCl 4.7, CaCl 1.35, NaHCO 3 20.2, immediately before long-term ischemia and after 30, NaH 2 PO 4 0.42, MgCl 2 1.05, glucose 10) with a 45 min of post-ischemic reperfusion. Spontaneous perfusion pressure of 60 mmHg. A stiffened latex heart rate was obtained at baseline and after reballoon of ellipsoid form was specially prepared to perfusion measurements, allowing 3 min recovery suit the dimensions of rat left ventricular cavity in from the overdrive suppression. Coronary effluent order to minimize the artifacts induced by postwas collected at baseline, before long-term ischemia ischemic contracture on pressure measurements and continuously during the various reperfusion (Curtis et al., 1986) . The balloon was inflated until periods (at minute 1, 2-3, 4-5, 5-10, 10-15, 15-30, left ventricular end-diastolic pressure approached 30-45) . At the end of the experiments the hearts 4 mmHg. Systolic pressure of at least 70 mmHg were freeze-clamped, and stored in liquid nitrogen. was required for inclusion. The pulmonary artery Additional hearts (n=5 per group), treated acwas cannulated with a 14-gauge catheter for samcording to protocols 1-3, were freeze-clamped just pling of coronary venous effluent. The O 2 content prior to induction of sustained ischemia, for dewas determined in aortic and venous samples with termination of tissue lactate and glycogen. a Radiometer ABL3 gas analyser. A bipolar electrogram was obtained between the aortic cannula and a platinum electrode, inserted into the right Biochemical assays ventricular epicardium. A pacing electrode was positioned on the right atrial appendage. An overNucleosides and oxypurines (adenosine, inosine, hypoxanthine, xanthine, urate) were determined in drive atrial pacing (300-330 bpm) was instituted coronary effluent samples by HPLC (Smolenski et al., 1990) . Lactate in the effluent was measured enzymatically (Sigma Diagnostics, procedure no. 735). Creatine kinase activity was assayed at 37°C by the N-acetylcysteine activated DGKCh Method (Merck Diagnostica). The stable metabolite of prostacyclin (6-keto PGF 1 ) was determined with the DuPont 3[H]-radioimmunoassay kit. Glycogen in tissue homogenate was determined according to Huijing (1970) . One ml homogenate was neutralized with 5 NaOH and used for glycogen determination, with rabbit liver glycogen (Boehringer Mannheim GmbH) as a standard. The homogenate was centrifuged, the clear supernatant fraction was used for lactate determination according to Gutmann and Wahlefeld (1974) . Measurement of dry weight was performed as previously described (De Jong and Huizer, 1985) . in the control group remained at 99±4% of the baseline value (not shown).
Results
at the first minute of reperfusion was increased after each consequent cycle while the "plateau" The experimental groups were well balanced in coronary flow decreased. Preconditioning impaired their baseline characteristics, except for a difference the cardiac function (Table 2) : the average decrease in coronary flow between the two preconditioning in left ventricular developed pressure following groups (Table 1) .
short-term ischemia-reperfusion in preconditioning groups 2 and 3 was 15% and 20%, respectively. The changes in myocardial oxygen consumption Effects of short-term ischemia were less pronounced. Short-term ischemia resulted in a substantial washout of lactate, prostacyclin The effects of repetitive ischemia on coronary flow (in group 3) are presented in Figure 1 . The reflow and purine metabolites in the coronary effluent, a Table 2 Functional parameters before and after 40 min ischemia and reperfusion
(% of baseline) 1 7 3 ± 1 9 8 ± 3 9 9 ± 4 ‡ 93±4 ‡ 97±3 2 7 2 ± 1 8 5 ± 3 * 81±5 7 5 ± 4 9 5 ± 6 3 6 0 ± 1 * 80±6 † 81±6 7 3 ± 5 8 3 ± 6 Post 40 min ischemia and reperfusion 1 7 2 0 ± 2 7 3 ± 8 7 2 ± 7 7 2 ± 7 7 9 ± 3 2 5 1 3 ± 3 8 0 ± 8 7 8 ± 5 7 6 ± 7 8 4 ± 11 3 5 8 ± 2 § 73±4 7 7 ± 3 7 3 ± 4 8 4 ± 11
LVEDP-left ventricular end-diastolic pressure; LVDP-left ventricular developed pressure; ±dP/dt-the first derivative of left ventricular pressure; MVO 2 -myocardial oxygen consumption. Results of ANOVA with Duncan intergroup comparisons: * P<0.05, †P<0.01 v group 1; ‡P<0.01 v groups 2 and 3; §P<0.01 v group 1.
Note: Two hearts from group 2 and one heart from group 3 did not regain regular rhythm after sustained ischemia. Values at reperfusion constitute the release at the first minute and the total of the first 5 min, except creatine kinase which was negligible after min 1. Statistical comparisons between reperfusion periods 1-3: * P<0.02, †P0.05 (ANOVA for repeated measures).
Purines include purine nucleosides and oxypurines (adenosine, inosine, hypoxanthine, xanthine, urate). Data expressed per gram dry weight. contracture during sustained ischemia (Fig. 3) . In group 2, the onset of contracture was delayed and Ischemic arrest and contracture its magnitude diminished significantly. Repetitive preconditioning (group 3) resulted in earlier deElectromechanical dissociation often preceded the velopment of contracture. failure of electrical activation of the ventricles. Preconditioning was not associated with any change in the time of arrest of the contractile or electrical Reperfusion after long-term ischemia activity (Fig. 2) . The two protocols of preconditioning had divergent effects on the deThere was no significant effect of preconditioning on the coronary flow in comparison with controls velopment and the magnitude of ischemic ANOVA), a borderline group effect (P=0.067) and a Open bars-ischemic arrest times (min, mean±...) in non-significant time group interaction. The "group effect" controls (group 1); hatched bars-a single round of arose from a difference between groups 1 and 2 ( ¶P<0.01, ischemic preconditioning (group 2); solid bars-repeated * * P<0.05 in one-way ANOVA for contracture at 20, 30 rounds of preconditioning (group 3). Note that contractile min ischemia, respectively). failure preceded electrical arrest (ventricular standstill) only in some of the hearts and therefore individual data are shown (open circles-group 1; X-group 2; solid circles-group 3). (Fig. 4) . The flow at minute 1 was greater in group 2 than in group 3, but afterwards it did not differ among the groups.
Ventricular tachycardia or ventricular fibrillation appeared in all the hearts, approximately within 1 min of reperfusion. Persistent arrhythmia was seen in three preconditioned hearts but none of the controls (NS). The duration of transient arrhythmia did not differ between the experimental groups (16.9±3.7, 16.0±4.1 and 9.0±5.3 min in groups 1, 2 and 3, respectively). The spontaneous rate therefore only measurements at min 45 were accomplished in several hearts. Preconditioning attenuated the increase in left ventricular enddiastolic pressure after prolonged global ischemia. oxygen consumption ( Table 2 ). The amounts of lactate, prostacyclin, purine metabolites and No significant differences were noted in the recovery of the developed pressure or myocardial creatine kinase released following 40 min global The time periods for calculating the "post-ischemic washout" were determined from the time course of release and were minutes 1-5 for 6-ketoPGF 1 , minutes 1-15 for lactate, minutes 1-30 for purines and the whole reperfusion period for creatine kinase.
Purines comprise purine nucleosides and oxypurines (adenosine, inosine, hpoxanthine, xanthine, urate The release in all groups and intergroup differences were most pronounced in the first minute of reperfusion (group 2 different from 1 and 3, * P<0.005 in ANOVA). All differences between the groups disappeared after 3 min of reperfusion. Coronary effluent lactate returned to baseline levels within 10 to 15 min (gdwgram dry weight).
ischemia, are compared in Table 5 . The metabolite given in Figure 6 , and that of creatine in Figure   weight ).
7. Preconditioning was clearly associated with reduced loss of purine necleosides and creatine kinase. This effect was more pronounced in the experiments indicated that the washout is nearly complete at that time. The release of 6-keto PGF 1 group with repetitive preconditioning (group 3). Prostacyclin metabolite was measured only during was enhanced by ischemic preconditioning and the effect was related to the number of the minutes 1-5 of reperfusion, since our previous
Discussion
In isolated hearts, preconditioning manifests by reduced infarct size (Liu and Downey, 1992) and prevention of arrhythmias during coronary occlusion and reperfusion (Hagar et al., 1991 . Protection in rat hearts, undergoing no-flow global ischemia was shown by Cave and Hearse (1992), using preconditioning with 5 min of both ischemia and reperfusion, in the isolated working rat heart model. They found a functional benefit with normothermic global ischemia up to 25 min, and with hypothermic ischemia up to 160 min duration, but no sparing of tissue high energy phosphates. Volovsek et al. (1992) preconditioned rat hearts by repetitive episodes of either 2 or 5 min ischemia, thereby improving functional recovery and re- et al., 1992; global ischemia. Creatine kinase remained elevated dur- Steenbergen et al., 1993; Lasley et al., 1993a) ing the whole reperfusion period and showed high varihad similar findings with preconditioning in the ability between the hearts in the time course of release Langendorff model, using one or more episodes of and the total activity lost. The loss of creatine kinase 5 min ischemia and 5-10 min reperfusion intervals.
activity tended to be lesser in preconditioned hearts, achieving statistical significance in group 3 (see Table 4) Our results indicate protection by preconditioning (gdw-gram dry weight).
manifested by reduction of adenine nucleotide catabolism, reduced leakage of creatine kinase and attenuation of postischemic increase in end-diastolic pressure. However, other components of ischpreceding short-term episodes of ischemia: the emia-reperfusion damage like systolic function, increase was slight after a single episode but reperfusion arrhythmias and myocardial oxygen marked after repetitive cycles of short-term ischconsumption were not significantly affected. emia-reperfusion (Table 5 ). The amount of glycogen, remaining in the tissue at the end of the experiment, was low (3.7±0.3 mg/g) in ischemic controls and even lower in preconditioned hearts.
Coronary flow We calculated the cumulative amount of lactate and of purine metabolites released after various Reversible ischemia increases coronary resistance and imparis vasodilator responsiveness (Bolli et al., ischemias during the whole experiment. The amount of purines lost during all periods of 1990). In our study, the hyperemic flow increased with successive bouts of brief ischemia (Fig. 1) . ischemia-reperfusion was equal in the three groups. The overall lactate release was inversely There was no attenuation of no-reflow following sustained ischemia, as described by Asimakis et al. related to the residual glycogen (Table 6 ). Total lactate/purine release-sum of the quantities found in effluent following various episodes of short and long-term ischemia. Data expressed per gram dry weight. * P<0.01 between groups 1 and 3, P<0.05 between groups 1 and 2. †P<0.01 v groups 2 and 3.
(1992). In their study, the inner-layer undernecessarily suffice to protect globally ischemic hearts. Our further studies in global ischemia sugperfusion ought to be attributed to an excessive end-diastolic pressure in the ischemic controls. We gest that preconditioning does not attenuate, but alters the temporal relationship of reperfusion used lower basal balloon pressures. Post-ischemic diastolic pressures were also lower, permitting a tachyarrhythmias (Oxman et al., 1994) . substantially better reflow. We did not find a relationship between the metabolites determined in the coronary effluent and the the coronary flow. It
Cardiac function may only be postulated that a complex relationship between the products of the cyclooxygenase path-
The ability of preconditioning to improve postischemic function is a matter of controversy. way, adenosine, endothelium-derived (nitric oxide, endothelin) as well as mechanical factors regulate Regional contractility was not preserved following preconditioning and 60 min ischemia in dog (Ovize the vascular tone in the preconditioned heart. et al., 1992) . A markedly reduced extent of necrosis following long-term global ischemia was not associated with improved post-ischemic functional Ischemic arrest recovery in isolated rabbit hearts (Sandhu et al., 1993) . However, as mentioned above, studies in Rapid induction of cardiac arrest prior to the onset of ischemia permits the maintenance of higher rat usually demonstrated functional protection by preconditioning. Our experiments utilized atrial energy levels during ischemia, delays the rise in [Ca 2+ in ] and the development of ischemic conoverdrive pacing to standardize the heart rate during assessment of contractile performance. Posttracture, and leads to a better recovery upon reperfusion (Hearse et al., 1976; Steenbergen et al., ischemic diastolic dysfunction was attenuated without improvement of systolic contraction. Neither 1990). Some authors (Murry et al., 1990; Nakagomi et al., 1993) suggested that contractile failure might developed pressure, nor spontaneous heart rate, or oxygen consumption were significantly affected occur earlier in preconditioned hearts. In our study preconditioning had no prominent effect on atrio-( Table 2 ). The shorter reperfusion intervals used by other ventricular conduction, contractile failure or ventricular electrical arrest. Therefore, early arrest of authors in the course of preconditioning could be responsible for their better functional results. Short electrical or mechanical activity is neither necessary, nor does it contribute to the protective effect reperfusion after brief ischemia is associated with a greater degree of stunning than in this study. The of preconditioning in globally ischemic isolated rat heart. energy demand of pre-ischemic myocardium may govern ATP breakdown during subsequent ischemia and thus affect the outcome of preconditioning (De Jong et al., 1995) . In the current study the Reperfusion tachyarrhythmia recovery of developed pressure was remarkably good. Prolonged ischemic episodes, as used here, Reperfusion tachyarrhythmia occurred in all the hearts (following 40 min global ischemia). The lack damage many of the hearts beyond their ability to recover in the working heart system. The extent of the anti-arrhythmic effect of preconditioning in our global ischemic setting is in disagreement with of damage is underestimated by measuring the isovolumic pressure development in the non-ejectthe well-documented antiarrhythmic effect of preconditioning in regionally ischemic hearts (Shiki ing Langendorff model of heart perfusion. Because of these limitations, the beneficial effect on systolic and Hearse, 1987; Hagar et al., 1991) . The ability of the myocardium to generate arrhythmias at function could be inadequately expressed. reperfusion is considered to indicate tissue viability, is usually highest with ischemia of 5-20 min and declines afterwards (Manning and Hearse, 1984) .
Relationship with ischemic lactate production Reperfusion arrhythmogenesis is related to the size of ischemic zone: the incidence of ventricular fibNeely and Grotyohann (1984) improved ischemic tolerance of isolated rat hearts by anoxic glycogen rillation increased to 100% when the ischemic region was enlarged to above 45% of the ventricle depletion. However, these findings could not be reproduced in rabbit hearts (Lagerstrom et al., (Curtis and Hearse, 1989) . Therefore, an antiarrhythmic effect of preconditioning, manifested 1988). The role of glycolysis in attenuating ischemic damage was re-emphasized in studies involving during regional ischemia or reperfusion, will not global ischemia (Owen et al., 1990; Steenbergen et consumption prior to sustained ischemia (Table 2, also Miura et al., 1991; Murry et al., 1991) . Indeed, al., 1990) .
In open-chest dogs (Murry et al., 1990; Wolf et "prestunning" seems to decrease myocardial oxygen consumption less than it impairs function al., 1993) and in isolated rat hearts (Volovsek et al., 1992; Asimakis et al., 1992) , protection after (Laster et al., 1989; Benzi and Lerch, 1992) . These data suggest that the reduction of the repetitive preconditioning coincided with reduced glycogen stores and diminished lactate acischemic damage in preconditioned hearts is not necessarily dependent on the effect of precumulation in totally ischemic myocardium. In contrast, preconditioned isolated rabbit hearts conditioning on myocardial energy consumption or ischemic lactate production. Apparently, there was undergoing low-flow ischemia were protected in association with enhanced glycolysis and greater still not as much protection as others have seen. Therefore the present study suggests that it is poslactate production (Janier et al., 1994) .
In our study, ischemic lactate production was sible to observe a protective effect of ischemic preconditioning in the absence of a decrease in represented by cumulative reperfusion release of lactate. This may underestimate tissue lactate acanaerobic glycolysis, but the magnitude of the protective effect is less than in protocols that reduce cumulation during ischemia and does not account for glycolysis and lactate metabolism taking place energy consumption, lactate production and acid accumulation. at reperfusion. We believe our approach is valid since: (a) our hearts were not immersed and no lactate loss occured to the surrounding medium; (b) It may be assumed that no differences existed between the groups in the ratio of lactate to pyruvate + alanine during global ischemia (Janier et Ischemic contracture al., 1994); (c) The time course of lactate release on reperfusion (Fig. 5) indicates a washout from the Ischemic contracture development was markedly different between the preconditioning groups: it was previously ischemic tissue; (d) Lactate remaining in tissue after prolonged reperfusion in this model attenuated in group 2 but appeared earlier in group 3 (Fig. 2) . Earlier onset of contracture was reported is negligible in comparison to the ischemic levels (Tani and Neeli, 1990b) . in rat hearts preconditioned by 5 min ischemia or hypoxia and 10 or 5 min reperfusion (Asimakis et Preconditioning per se did not necessarily lead to reduced lactate release ( Fig. 5 and Table 5) . A al., 1992; Lasley et al., 1993a) . Janier and coauthors (1994) reported attenuation of contracture during combination of two factors may explain a somewhat increased lactate washout in group 2: (a) sublow-flow ischemia in rabbit heart preconditioned by 3 min ischemia and 12 min reperfusion. stantial glycogen replenishment occured during the first reperfusion period; (b) although still conThe onset of contracture is associated with ATP depletion and actin-myosin rigor bond formation troversial (Dale et al., 1991) , adenosine released during preconditioning ischemia might be re- (Owen et al., 1990) . Contracture development in preconditioned hearts may be related to their glycosponsible for stimulating the glycolytic flux afterwards (Lasley and Mentzer, 1993b, Wyatt et al., lytic flux. The apparent disagreement between the findings obtained in various studies may be re-1989). Repeated brief ischemia (in group 3) depleted tissue glycogen stores (Table 4) thereby reducing the conciled, if we assume that the effect of repeated ischemia on contracture is mediated by glycolysis, rate of anaerobic glycolysis during the subsequent prolonged ischemia.
and is dependent on the model, the number of short-term ischemic episodes and the duration of Thus, we compared two protocols of preconditioning, significantly different (and divergent the reperfusion intervals. The elevated left ventricular diastolic pressure at relative to control) in their rate of lactate release. Both preconditioning groups appeared to have later stages of ischemia and at reperfusion, behaves differently from early ischemic contracture. This beneficial effects on postischemic diastolic pressure and enzyme release. Three rounds of short-term post-ischemic contracture reflects diastolic functional impairment, generally attributable to cytoglobal ischemia-reperfusion provided more protection than a single event. This concurred with solic free Ca 2+ overload (Steenbergen et al., 1990; Tani and Neely, 1990) . Preconditioning apparently treatment-induced depression of myocardial function. However, the beneficial effects of preconstitutes an effective method for alleviation of ischemia-reperfusion associated calcium overload conditioning on myocardial salvage cannot be explained entirely as a result of reduced oxygen (Steenbergen et al., 1993) .
Aldenosine and total purine involved in attenuation of microvascular stunning (Richard et al., 1994) and other forms of carAdenosine and total purine loss was attenuated dioprotection. in the preconditioned hearts, indicating decreased nucleoside breakdown during sustained ischemia (Fig. 6) . This confirms previous observations in Conclusions rabbit hearts (De Jong et al., 1994) and probably indicates a more favorable myocardial energy state
In this model of protracted global ischemia in isolfollowing preconditioning (Zucchi et al., 1990) . On ated rat hearts, preconditioning leads to an augthe other hand, the pattern in rat contrasts the mented prostacyclin release after sustained marked increase in adenosine and 5′-nucleotidase ischemia. Preconditioning is manifested by a deactivity in preconditioned canine hearts (Kitakaze crease in postischemic contracture and biochemical et al., 1993) . Several investigators have already evidence of myocardial salvage, but not necessarily shown that preconditioning in rat, in contrast to by prevention of arrhythmia or improved systolic rabbit and dog, is not mediated by adenosine (Liu contraction. Anaerobic glycolysis appears to be and Downey, 1992; Li and Kloner, 1993) .
necessary for attenuation of ischemic contracture; however it may not play an ultimate role in the effect of preconditioning on myocardial damage or Prostacyclin release post-ischemic recovery.
To the best of our knowledge, the effect of preconditioning on the cardiac release of prostacyclin
